ABSTRACT
Introduction
Bomuruella Reservoir is situated in the Nuwara Eliya District surrounded by the Kandapola-Seetha Eliya Forest Reserve and serves as an important water source in the area. The reservoir constructed and operated by the Department of Irrigation (ID) is used to augment the irrigation supplies of the Uma Oya canal irrigation scheme, a major irrigation scheme in the upper Uma Oya basin.
The reservoir is situated in a valley surrounded by hilly areas which consist of Eucalyptus grandis plantation owned by the Department of Forest, a lush Sub Montane Forest and cultivated areas of tea and vegetables. Due to steep valley slopes in major parts of the reservoir catchment the chances of infiltration is reduced. The thickness of the soil cover in the area is relatively thin reducing the capacity to retain infiltration. The combined effect of these would be rapid runoff in the catchment. Thus stream flows would be characterized by large flow volumes during rainy periods resulting in a high water level in the reservoir, immediately followed by significantly small flows when the rains have ceased resulting in a low water level in the reservoir [1] .
Although the Reservoir is not been used as a direct supplier of drinking water, it indirectly contributes to the drinking water supply of the downstream people. Many agricultural lands obtain water from this reservoir and consume its water for washing and cleaning purposes. Bomuruella Reservoir serves as a popular fishing location among the locals and contributes to the aesthetic value of the area. However, the reservoir is subjected to many contamination sources mainly due to anthropogenic activi-ties. This includes leachate from the Moon Plains landfill, runoffs from cultivated lands which may contain high amounts of fertilizer and pesticides and industrial, hospital and household wastewater streams. Hence, the research was carried out to study and identify the contamination sources of the Bomuruella reservoir. The results were used to evaluate the suitability of water for consumption and to suggest mitigatory measures to improve the quality of the water.
Methodology
Preliminary field investigations were carried out in August and September 2008 to identify the possible locations for sample collection and to gain a thorough understanding about the reservoir environment. Sampling was carried out each month for a period of seven months from November 2008 to May 2009.
Sampling was done during both wet and dry periods of the year. Samples from February 2009 to April 2009 were collected to represent the dry period during which there was a low water level in the reservoir, whereas samples in November, December, January and May were collected to represent the wet period when the water level was high.
Sampling Locations
Water samples from the following locations were collected during the study period ( Table 1) . Sampling locations of the reservoir were reached by a boat (except for the reservoir outlet) due to the difficulty in reaching the locations through the forest and due to time constraint. Water samples were taken from the side of the boat using direct sampling method where the sample containers were directly dipped in to the water. Sampling was done with care, under the water surface avoiding surface debris and the boat wake.
Sample Analysis
DO, BOD5, CODMn and all the chemical and biological parameters were analysed at the National Water Supply and Drainage Board Laboratory at Thelawala, Ratmalana. pH and biological analysis were carried out on the same day of sample collection. Parameters such as heavy metals and iron (Fe) were measured at the laboratory of the Department of Forestry and Environmental Science, University of Sri Jayewardenepura, Nugegoda.
The water quality analyses were carried out in accordance with the Standard Methods for the Examination of Water and Wastewater [2] (Table 2) . Values of the parameters were compared with the Central Environmental Authority proposed Ambient Water Quality Standards for inland waters of Sri Lanka [3] .
Statistical Analysis
MINITAB 14 statistical software was used for the statistical analysis of the results. Average values of the different water quality parameters during high water level and low water level of the reservoir were analysed to determine whether there is a significant difference of the parameters between the two periods by using 1-Sample Wilcoxon test. This is a non-parametric analysis.
Furthermore the average values of each parameter during wet and dry periods and Central Environmental Authority proposed ambient water quality standards for inland waters of Sri Lanka were compared using the same test to determine whether there is a significant difference between the observed value of a given parameter and the corresponding standard level.
Results
The water level of the reservoir was high in November, December, January and May. October, November and December months recorded high rainfall during the study period. Although January did not receive a considerable amount of rainfall, the reservoir water level was high in January due to the previous months' high rainfall. Average results (averaged over the months) obtained from the water analysis for the high water levels in the reservoir are summarized below in Tables 3 and 4 .
The water level of the reservoir was low in the months of February, March and April. February and April received very low amounts of rainfall according to the rainfall data. Although during March there was a considerable. Rainfall according to the rainfall data, the water level was low in the reservoir due to the dry weather prevailed during the period. Average results (averaged over the months) obtained from the water analysis for the low water levels are summarized below in Tables 5 and 6 .
The ambient water quality standards proposed by the Central Environment Authority for inland waters do not specify a particular standard level for temperature [3] . However, all sample locations reported an average temperature above 15˚C during both high and low water levels. According to the proposed ambient water quality standards, pH range for drinking water with simple treatment, fish and aquatic life and for irrigation and agriculture is 6.0-8.5 [3] . pH levels of all samples were within these standards for both high and low water levels.
The maximum conductivity level for drinking water with simple treatment is 750 µS/cm and the maximum standard level of conductivity for irrigation and agriculture is 700 µS/cm. Conductivity levels of all reservoir samples were within these standards for both high and low water levels and comprise of very low values compared to the standards. The proposed ambient water quality standards of the Central Environment Authority, specify that the acceptable maximum turbidity level for drinking water with simple treatment is 5NTU [3] . Turbidity level was significantly higher than the standard value in all the reservoir samples and sample taken from the vegetable washing area (V) during low water level. According to the statistical analysis, turbidity value of low water level period was significantly higher than the standard level (p = 0.004 < 0.05).
Moreover, the standards specify that for irrigation and agriculture, the required maximum TDS level is 500 mg/l. According to the results, TDS level in all the samples were lower than the standard level during both low and high water level periods.
According to the ambient water quality standards the required maximum nitrate level for drinking water with simple treatment, fish and aquatic life and for irrigation and agriculture is 5 mg/l [3] . Nitrate level was lower than the standard values in all the samples during both high and low water level periods of the reservoir. Samples obtained from the reservoir left bank and streams flowing from cultivated area (R3), housing area (R4) and Kandapola plantation (R5) recorded comparatively high nitrate levels. Reservoir outlet recorded a high nitrate level during the low water level of the reservoir.
No specific standard is given for nitrites in the proposed water quality standards for inland waters. However, according to the results obtained, highest nitrite level was recorded in the sample taken from the reservoir outlet.
The permitted maximum sulphate level for drinking water with simple treatment is 250 mg/l and 1000 mg/l for irrigation and agriculture. Sulphate level was lower than the standard values in all the samples during both high and low water level periods of the reservoir.
According to the ambient water quality standards of the Central Environment Authority, the required minimum DO level for drinking water with simple treatment is 6 mg/l and a minimum of 3 mg/l is required for fish and aquatic life and for irrigation and agriculture [4] . Observed DO levels were higher than the minimum standard values in all the samples during both high and low water level periods of the reservoir.
The required BOD level for drinking water with simple treatment is 3 mg/l. Fish and aquatic life requires 4 mg/l and irrigation and agriculture requires a maximum standard level of 5 mg/l [3] . BOD level was higher than the standard value for drinking water with simple treatment in all the samples except for the samples obtained from reservoir left bank (R1), vegetable washing area (V) and Ambagasduwa area (Am) during the high water level. Reservoir right bank and Ambagasduwa samples had a low BOD value than the standard level for drinking water whereas all the other samples had higher values than the standard level during the period of low water level. BOD values for low water level period was significantly higher than the maximum standard level for drinking water with simple treatment (p = 0.026 < 0.05).
According to the ambient water quality standards of the Central Environment Authority, the acceptable maximum COD level for drinking water with simple treatment and for fish and aquatic life is 15 mg/l [3] . COD level was higher than the standard values for all the samples except for the sample obtained from the Ambagasduwa area during the period of low water level. The sample obtained from the stream from the cultivated area (R3) recorded a very high COD level compared to other samples. During the high water level of the reservoir samples collected from the housing area (R4), stream from Kandapola plantation (R5), reservoir right bank (R7) and vegetable washing area (V) recorded high COD levels. According to the results of 1-Sample Wilcoxon test, there is a significant difference between the COD values of high and low water levels in the reservoir (p = 0.011 < 0.05).
Total Coliform counts of high water level of the reservoir were extremely higher than the Coliform counts recorded in the low water level period. Month of December recorded the highest Coliform counts of the study period. Sample obtained from the vegetable washing area recorded the highest Coliform count which is 78,400 in 100 ml. Some of the water samples did not give an exact count due to the presence of other microorganisms on the growth media. According to the results of 1-Sample Wilcoxon test, there was a significant difference between the average Coliform counts of high and low water levels in the reservoir (p = 0.009 < 0.05).
Faecal coliform counts of high water level of the reservoir were extremely higher than the faecal coliform counts recorded in the low water level period. Month of December recorded the highest faecal coliform counts of the study period. Sample obtained from the reservoir outlet recorded the highest average faecal coliform count during the high water level period. In addition, vegetable washing area (V) recorded higher faecal coliform counts. Water samples obtained from Amabagasduwa (Am) recorded the lowest faecal coliform counts.
According to the ambient water quality standards of the Central Environment Authority, the desirable highest Iron concentration for drinking water with simple treatment is 3 mg/l and the maximum permissible level is 10 mg/l. A maximum of 3 mg/l is required for fish and aquatic life [3] . Iron level was lower than the maximum standard values in all the samples during both high and low water level periods of the reservoir. According to the results of 1-Sample Wilcoxon test, there was a significant difference between the Iron values of high and low water levels in the reservoir (p = 0.047 < 0.05).
Lead was detected only in the month of April 2009 in the samples obtained from the housing area and the Kandapola plantation stream. Samples obtained from the middle of the reservoir and reservoir right side bank also recorded lead during the same month. Apart from this, Lead was not recorded in any of the sample locations during the study period.
The acceptable maximum chromium concentration for drinking water with simple treatment is 50 µg/l. A maximum of 2 µg/l is acceptable for fish and aquatic life. Chromium level was lower than the maximum standard value for drinking water with simple treatment in all the samples during the two months. However, most of the samples recorded a higher chromium level than the required standard for fish and aquatic life in these two months.
Remedial actions to clean up polluted sites and water bodies are generally much more expensive than applying measures to prevent pollution from occurring. Thus, approaches to water pollution controls that focus on wastewater minimisation, recycling of waste products, etc., should be given priority over traditional treatments. Industrial establishments should establish proper treatment plants to treat their wastewater. Municipal council and the Central Environmental Authority should monitor the discharge of wastewater from such establishments regularly.
An increasing proportion of water pollution originates from diffuse sources, such as agricultural use of fertilizers. The principle of "best environmental practice" should be applied to minimise non-point source pollution. Good agricultural practices that address the causes of water pollution from agriculture such as type, amount and time of application of fertilisers, manure and pesticides can give guidance to farmers on how to prevent or reduce pollution of the reservoir which occurs due to excessive use of agrochemicals.
Wetlands are commonly recognized as serving a vital role not only for fish and wildlife, but also for pollution filtration and flood control. When runoff water carrying nutrients and sediment circulates through a wetland, the sediment settles and the plants take up and use the nutrients before they can run into the reservoir. Hence, it is highly important to protect the wetland area surrounding the Bomuruella reservoir.
Moon Plains landfill which is located in the upstream of the reservoir cannot be considered as a sanitary landfill due to poor management. Waste is haphazardly dumped all over the landfill. A soil cover is not used on top of the wastes which lead to emission of large amounts of leachate. It could be observed that run off through the waste materials were flowing from the sides of the landfill without entering the treatment pond. In addition the treatment pond is not cleaned or maintained properly which has led to the malfunctioning of the treatment plant. Hence, it is recommended that the authorities should take necessary actions to manage the landfill in a proper manner and to upgrade the treatment plant.
People living in the vicinity of the reservoir should be made aware of the importance of the reservoir. It is important to utilise a participatory approach which involves raising awareness of the importance of water pollution control among policy makers and the surrounding community. Decisions should be taken with the involvement of all the groups affected by the water pollution of the reservoir. This includes CEA, local authorities, NGO's, National Water Supply and Drainage Board, people in the vicinity and the consumers of water from the Uma Oya water supply scheme.
Further studies should be carried out to determine the pesticide residuals and algal counts in reservoir water. These studies will provide a better idea on the level of pollution from agrochemicals and the level of eutrophication respectively. The water of the reservoir is not suitable for drinking purposes with either simple or conventional treatment. Hence, it is recommended to utilize a more advance water treatment method to treat the water, if the reservoir is to be used as a drinking water source.
Discussion
Bomuruella Reservoir is subjected to contamination from different sources in the surrounding area. This includes the landfill leachate treatment plant, vegetable washing area, Municipal wastewater stream, surface water from the cultivated areas and Kandapola plantation and the run-off water streams from the housing area.
The pH of most natural waters is between 6.0 and 8.5 although lower values can occur in dilute waters high in organic content and higher values in eutrophic waters. For example, samples collected at the influx point to Barracks Plain reservoir in Nuwara Eliya had zero dissolved oxygen with relatively high pH values [4] . However, water samples analysed during this research did not report such extreme pH values.
According to Akan, Abdulrahman, Dimari and Ogugbuaja, electrical conductivity of water is a useful and convenient indicator of its salinity or total salt content [5] . The conductivity of most freshwaters ranges from 10 to 1000 μS/cm, but may exceed 1000 μS/cm especially in polluted waters or those receiving large quantities of land run-off. The conductivity of all the samples were below 200 μS/cm. This is considerably low compared to the standard for drinking water with simple treatment and the required standard level of conductivity for irrigation and agriculture.
Turbidity is of considerable interest because of the effects on light transmission and water clarity [6] . Normal turbidity values range from 1 to 1000 NTU and levels can be increased by the presence of organic matter pollutants, other effluents or run-off with high suspended matter content. The higher levels of turbidity reported during the research can be due to water being stagnant with low rates of flushing which may have resulted in very fine particulate matter held in suspension during the low water level. Biological activities that prevail during warm water conditions may also have contributed to the high turbidity levels.
The same author states that total suspended solids (TSS) are a major transport mechanism for nutrients and contaminants and deposit in reservoirs, thus displacing valuable water storage [6] . According to the results obtained during the study, there was no significant difference between the TDS values of high and low water levels in the reservoir.
When influenced by human activities, surface waters can have nitrate concentrations up to 5 mg/l NO 3 -N, but often less than 1 mg/l NO 3 -N. Concentrations in excess of 5 mg/l NO 3 -N usually indicate pollution by human or animal waste or fertiliser run-off. According to the study, average nitrate variation of water in the reservoir did not exceed the standard levels. A similar study carried out in Bomuruella by NWS&DB reported that results of nitrates and nitrites were well below the standard limits for drinking water [7] . However, some samples collected from streams flowing from the cultivated area (R3), housing area (R4) and Kandapola plantation (R5) have recorded nitrate levels which was higher than 4 mg/l. This may be due to the agrochemical runoff from these areas.
Sulphate is naturally present in surface waters as . In this study, water samples recorded a very low concentration of sulphate level compared to the standard levels. March, April and May recorded higher levels of sulphates compared to months from November to February. High sulphate levels may be due to high concentrations of solid waste materials from households and particulate matter present in the reservoir due to low flowing of water during these months. 2 4 SO  The dissolved oxygen concentration depends on the physical, chemical and biochemical activities in the water body and provides a good indication of the quality of that water. According to a study carried out by Paranagama in Kandy Lake, the dissolved oxygen levels varied from 2 to 7 mg/l which indicated that there is no stratification in the lake [8] . However, in this research all the samples recorded DO levels higher than 6.5 mg/l throughout the study period. This may be due to aeration and circulation that involves moving of the water body thus adding oxygen which increases dissolved oxygen levels. Turbulence of surface water layers due to the effect of wind will cause the water to be saturated with oxygen resulting in high DO levels.
According to Ileperuma, urban and industrial discharges from inadequate waste treatment and disposal facilities contribute significant quantities of oxygen depleting substances [9] . This was observed in samples obtained from the Municipal wastewater stream and the stream from the cultivated area which recorded high BOD5 levels of 7.65 mg/l and 6.55 mg/l respectively in the period of low water level of the reservoir. Moreover, the sample collected from the housing area recorded a high BOD5 level of 7.55 mg/l during the same period. Domestic sources, i.e. from the settlements along the reservoir contribute to the BOD5 level significantly due to poor housekeeping and improper sanitary conditions.
According to a study carried out by Ileperuma, the samples obtained from Barrack's Plain reservoir had high CODMn values indicating increased contamination from organic wastes [10, 11] . Similar results were reported in this study. Diffuse pollution caused by drainage containing fertilisers and agrochemical residues from cultivated areas most likely have resulted in the high CODMn levels observed in the samples collected from the stream flowing through the cultivated area and stream flowing through the Kandapola plantation. Stream from the cultivated area reported a CODMn value of 595.74 mg/l during the month of March. Kandapola plantation recorded a CODMn value of 74.44 mg/l during May.
As mentioned by Abel in his book, Water Pollution Biology, the coliform group of bacteria is the principal indicator of suitability of water for domestic or other uses. Total coliform bacteria occur in both sewage and natural waters. Some of these bacteria are excreted in the faeces of humans and animals, but many coliforms are heterotrophic and are able to multiply in water and soil environments [12] .
Highest numbers of coliforms were recorded in the month of December. This may be due to the high rains which prevailed at the time of sampling. Domestic sources, i.e. from the settlements along the reservoir contribute to the coliform level significantly due to poor housekeeping and improper sanitary conditions which uses the reservoir as the ultimate disposal site. The highest coliform number of 78,400 in 100 ml was recorded in the sample obtained from the vegetable washing area. This small stream flows through an area with few households which may be disposing their septic tank waste directly to the stream.
Escherichia coli are present in very high numbers in human and animal faeces and are rarely found in the absence of faecal pollution. Hence, Escherichia coli is considered the most suitable index of faecal contamination. Escherichia coli occur in high numbers in human and animal faeces, sewage and water subject to recent faecal pollution [13] .
Faecal pollution may occur because of poor community facilities for waste disposal, inadequate collection and treatment facilities and the on-site sanitation facilities (such as latrines) which drain directly into the reservoir and streams. Highest numbers of faecal coliforms were recorded in the sample obtained from the reservoir outlet. This may be due to the outlet stream being polluted by animal and human faecal matter. In addition, the vegetable washing area (V) recorded a higher number of faecal coliforms which confirmed that the water is being polluted by human faecal matter.
Some metals such as Mn, Zn and Cu, when present in trace concentrations are important for the physiological functions of living tissue and regulate many biochemical processes. The same metals, however, discharged into natural waters at increased concentrations in sewage, industrial effluents or from mining operations can have severe toxicological effects on humans and the aquatic ecosystem [14] .
Trace metals such as cadmium, copper, chromium, nickel, lead and zinc were analysed during this study. Cadmium was detected only once and that was in the municipal wastewater stream. Lead is used as an additive in petroleum for automobiles and is emitted to the atmosphere in their exhaust gases, thereby entering the hydrological cycle. Lead was detected in streams from the Kandapola plantation and from the housing area. Lead was found to be present in the samples drawn from the middle of the reservoir and the right side bank of the reservoir in low concentrations.
The most highly detected trace element in the water samples was zinc. Zinc is an essential trace element found in virtually all water in the form of salts or organic complexes. However, zinc concentrations can be much higher as a result of dissolution of zinc from metal appliances which uses zinc as a galvanizing agent.
The leachate from the landfill is collected and introduced to a leachate treatment facility. This is a combine system which consists of a coconut fibre biological conductor, a charcoal filter and a wetland. The treated leachate is released to a small stream approximately 500 m below the valley which finally flows in to the reservoir [15] . Treated leachate values were compared with the Central Environmental Authority wastewater discharge standards into sensitive waters (Class II waters). Dissolved oxygen levels of treated leachate were very low in both periods and did not exceed 0.25 mg/l.
Significant concentrations of heavy metals were not detected in treated leachate. However, high concentrations of iron were detected in the leachate samples. Ammonia readily dissolves in water which may have resulted in high levels of ammonia producing a pungent odour near the treatment plant.
Total Coliform levels of leachate samples were not countable during most of the months due to the presence of other microorganisms on the growth media. However, E-coli levels were higher than the standard levels which confirm the presence of faecal matter in the leachate. The highest E-coli amount was recorded in the treated leachate sample obtained during the month of January which was 2000 E-coli in 100 ml. High amounts of E-coli were recorded during the rest of the months which is higher than the acceptable level of 40 E-coli in 100 ml.
Conclusions
There are many sources which contaminate the Bomuruella reservoir. Municipal wastewater stream carry sewage effluents, urban drainage and other collected wastewaters However, the impact from this stream is considerably mitigated as it flows for a considerable distance through the forest prior to entering the reservoir as a waterfall. Hence, this wastewater stream is subjected to a natural purification.
Tea and vegetable cultivation is practiced extensively in the upstream of the reservoir and it contributes to the land run-off associated with excessive land clearance for cultivation. Other major source of pollution is the stream flowing through the Kandapola plantation which is the second largest tributary that flows to the reservoir and it carries a considerable load of agrochemical run off.
Housing area contributes to the organic load of the reservoir due to the disposal of domestic wastes and poor sanitary conditions. Often household refuse is dumped in to the reservoir. The households which belong to the estate sector lack proper sanitation and most of the households have directed their septic tank wastewater flow to the reservoir.
Vegetable washing area which is located upstream of the reservoir recorded high levels of phosphate which indicates that excess fertlisers deposited on vegetables are washed away in water. Septic tanks of some nearby houses are directed to this water flow. Hence, there is a possibility of this stream to contain pathogenic microorganisms and consuming of contaminated water to wash vegetables can cause health risks to consumers.
Municipal solid waste of the Nuwara Eliya area is dumped in the Moon plains landfill site. Land disposal site is poorly planned and controlled resulting in the formation of leachate which poses particular risks of contaminating the water sources.
According to this research, contamination sources identified as polluting the reservoir has a severe impact on the water quality of the reservoir. The main cause of pollution is the discharge of agricultural runoff, raw sewage and wastes which includes domestic and industrial waste directly into the feeder streams. Hence, it can be concluded that the water of the reservoir is not suitable for drinking purposes with either simple or conventional treatment. It can be further concluded that, if the reservoir is to be used as a source of drinking water stringent measures should be applied to control effluents.
